Abstract
INTRODUCTION
Globally, an estimated 185 million people are chro nically infected with hepatitis C virus (HCV) infection with about 3.5 million individuals living with chronic HCV in the United States period HCV infection is associated with sizable morbidity and mortality with over 350000 deaths annually [13] . Long term effects of chronic HCV can lead to complications such as liver cirrhosis, hepatocellular carcinoma (HCC), and end stage liver disease requiring liver transplantation [4] . Management of chronic HCV with antiviral therapy is aimed at halting disease progression, preventing cirrhosis decompensation, reducing the risk of HCC, and limiting extrahepatic complications of the infection. The goal of antiviral therapy is to eradicate HCV RNA. Historically, clinical trials of HCV treatment regimens have used a sustained virologic response (SVR) as the primary efficacy endpoint [5] . SVR is defined as undetectable HCV RNA levels 12 wk posttreatment (SVR 12) [6] . Treatment of HCV is evolving and treatment success is often based on the severity of liver fibrosis, presence of cirrhosis, previous treatment failure, and genotype (GT). For years, peg interferon alpha (PEGIFN)/ ribavirin (RBV) combination was the only treatment option. An improved understanding of the HCV genome has led to the development of multiple directacting antivirals (DAAs) targeted at specific proteins of the virus, resulting in the disruption of viral replication [7] . New DAAs for HCV are categorized into classes shown in Table 1 , defined by their mechanism of action.
Since DAAs target critical steps of HCV replication, selection of resistant mutants is inevitable with monotherapy [9, 10] . Combining HCV medications without overlapping resistance patterns, effectively shuts down viral replication which for many patients results in clearance of the virus from the liver. Available guidelines for the therapeutic management of HCV infection include the American Association for the Study of Liver Diseases in conjunction with the Infec tious Diseases Society of America AASLD/IDSA, the European Association for the Study of the Liver, the United Kingdom consensus guidelines and the World Health Organization [3, 1113] . Usage of DAAs has been complicated by the high cost of therapy. However, there is also high utilization and costs for the health care system associated with treating HCVrelated complications. Achievement of SVR has implications beyond those of viral eradication including improved longterm clinical outcomes, economic benefits and improved health-related quality of life [14] . Achievement of an SVR with DAAs can reduce the risk of advanced liver disease, liver transplant, and liverrelated death. Research has shown that the cost associated with liverrelated tests, outpatient drugs, and hospitalizations can be significantly lower for patients who achieved SVR than for those without SVR [15] . DAAs have shown remarkable cure rates with SVR12 of 90%100% in clinical trials [16, 17] . A number of phase 3 trials of patients with chronic HCVGT1 have achieved very high SVR12 rates with different DAA drug combinations. In the ION2 clinical trial, Ledipasvir (LDV)/Sofosbuvir (SOF) ± RBV was used for 12 or 24 wk in treatmentexperienced HCVGT1 patients with or without cirrhosis [18] . In the OPTIMIST1 trial, Simeprevir (SMV)/SOF combination was used for 8 and 12 wk in HCVGT1 treatmentnaïve and experienced patients without cirrhosis [19] . In TURQUOISEII, the combination of ombitasvir/paritaprevir/ritonavir and dasabuvir (3D) + RBV was used for 12 or 24 wk in HCVGT1 treatment naïve and experienced patients and compensated cirrhosis [20] . The most common adverse events in all four trials were fatigue, headache, and nausea.
In addition to high SVR12 rates with DAAs, durability of SVR and the long term virologic and clinical outcomes with DAAonly regimens have been demonstrated. Data from one of two 3year registries showed 99.7% (5414/5433) of patients maintaining SVR with 0.3% (19/5433) having emergent virus in the SVR registry [21] . Viral emergence occurred by week 96 in all patients.
In addition to antiviral therapies, general measures in the management of patients with chronic HCV are as follows: psychological counseling, symptom management by dose adjustment of medications, and emphasizing the importance of adherence [5] .
The efficacy of DAA therapy is directly proportional to the adherence of these agents. HCV cure rates in real practice are often less than what is seen in highly monitored and controlled clinical trials. Often, there is a decrease in efficacy in intentiontotreat (ITT) real world data due to higher loss to follow up, nonadherence, and insurance barriers. Traditional disconnected models between the physician and pharmacy have demonstrated diminished adherence, ineffective drug interaction management, and lower SVR outcomes compared to those seen in the clinical trials. In order to maximize the benefits of these high cost medications, our health system created an integrated care model between the clinic and pharmacy to maximize the benefits of DAA, minimize potential for drugdrug interactions, provide side effect management, and increase adherence. The purpose of this study is to determine if our health system's integrated model reflects SVR outcomes similar to those seen in clinical trial data, maximize adherence, and avert drug interactions that can impact efficacy. Our hypothesis is that patients treated through our integrated care model will demonstrate SVR rates similar to those seen in the studies based on their associated treatment status and stage of fibrosis. Additionally we anticipate the results of the study to demonstrate an increased number of drug interaction interventions and decreased number of required office visits. , 2016. Treatment was determined by the ordering physician with recommendations made by the pharmacist based on AASLD/IDSA Guidelines. All therapies were given at FDA approved doses. HCV treatment was managed by a multidisciplinary care team comprised of an infectious disease physician, HCV nurse, and a specialty pharmacist. Patients were referred to pharmacy as treatment candidates by an infectious disease physician. Once referred to pharmacy, patients underwent insurance benefits verification and treatment authorization was submitted to the patients' insurances. Patients that were approved through their insurance followed the integrated therapy algorithm (Figure 1 ). The initial screening step in the therapy algorithm was for patients' medication lists, laboratory values, and fibrosis measures to be reviewed by the specialty pharmacist. All drugdrug interactions were addressed by the pharmacist and recommendations were relayed to the infectious disease physician and the physician who prescribed the interacting non HCV medication. The patients were subsequently set up for an antiviral treatment education session where they spoke with a pharmacist and an HCV nurse educator. At the education session the patient was given a therapy calendar with dates for scheduled laboratory tests and appointments with the infectious disease physician. Proper laboratory measurements were performed at baseline and during the course of treatment based on treatment regimen. Throughout the course of treatment there were regular followups scheduled by the pharmacist in addition to an office visit with the infectious disease physician at week 4 of treatment. During the pharmacist follow ups, patients were assessed for adherence, changes to their medications, and side effect management. At the end of therapy the patients were contacted by the nurse and established with posttreatment follow ups. A per protocol (PP) analysis looked at patients that started treatment with a Dean Clinic physician, completed the entire course of therapy, and were able to have an HCV viral load drawn at 12 wk post therapy. The primary outcome was SVR12 based on ITT analysis. Secondary outcomes included adherence, adverse events, and number of drug interaction interventions. Inclusion criteria consisted of both treatment naïve and experienced patients over the age of 18 who were at least twelve weeks posttherapy completion with any GT or METAVIR score. Adverse events were patient reported during the course of treatment. Adherence rates were monitored using a patientreported tablet count that was recorded during patient follow ups with the pharmacist as well as the scheduled last day of treatment.
MATERIALS AND METHODS

RESULTS
At the time of analysis, 133 patients had reached twelve weeks post hyphen therapy with ITT and 130 patients with PP analyses. Baseline demographics are reported in Table 2 . In the ITT analysis, 70 patients were GT 1a, 26 GT 1b, 23 could not be differentiated between GT 1a or 1b, 8 GT 2, and 4 GT 3. Two patients in the undifferentiated GT 1 group had an infection with a second GT. One patient was GT 1 and 2 and the other patient was GT 1 and 4. Two patients in the ITT analysis were lost to follow up after treatment completion. Another patient passed away from unrelated causes after achieving SVR4. A total of 33 (24.8%) patients had undergone previous treatments for hepatitis C. The ITT treatment regimens Figure 2 ). SVR12 rates were 89% and 95% for cirrhotic and noncirrhotic patients, respectively. All treatmentexperienced patients (100%) achieved SVR12 in both ITT and PP analyses. Treatment naïve patients with or without cirrhosis achieved an SVR12 rate of 94% in the PP analysis. Efficacy varied based on specific treatment regimens and genotypes (Figure 3 ). Further analysis was done on the patients who relapsed (n = 6). One of the patients that relapsed had GT 1b with underlying cirrhosis. The patient was treated with LDV/SOF for twelve weeks, and had break in therapy of 5 d due to insurance coverage termination. A second patient with GT 1a HCV who relapsed was treated with LDV/SOF for twelve weeks and had advanced cirrhosis and HCC. A third relapse was seen in a GT 1a cirrhotic African American patient coinfected with HIV, on efavirenz/ tenofivir/emtricitabine and was being treated for HCV with LDV/SOF for twelve weeks concomitantly. A fourth GT 1a relapsed patient with cirrhosis was treated with LDV/SOF for twelve weeks and reported reusing diabetic supplies to test blood glucose during the course of treatment. A fifth patient who relapsed had GT 2 without cirrhosis, was treatmentnaïve, and was treated with SOF and RBV for twelve weeks with no additional reported variables. The sixth patient relapse case was GT 1a with cirrhosis with no additional reported variables. The majority of patients demonstrated adverse effects; however, no patients discontinued DAA therapy prematurely due to adverse effects. The majority of the side effects reported were fatigue (41%) or headache (28.6%), most of which were mild to moderate in severity. A full list of adverse effects with a prevalence greater than 5% is reported in Table 3 .
Drugdrug Interactions were identified in 56.4% of our patient population, 69 of which required interventions made by the pharmacist. The most prevalent drugdrug interaction intervention was dosing of proton pump inhibitors (PPIs) with LDV regimens (28.6%). The recommendation was made to discontinue or decrease the dose of the PPI to 20 mg omeprazole equivalent to be taken at the exact same time as the LDV/SOF. If this was not achievable, the patient was not a candidate for this therapy. Additional stomach pH related drugdrug interaction interventions included histamine 2 receptor antagonists (5.3%) or short acting antacids (9.8%). Other medication interventions (< 5%) included drugdrug interactions with phenobarbital, phenytoin, carbamazepine, milk thistle, St. John's wort, fluoxetine, clonazepam, amlodipine, and inhaled corticosteroids.
A total of 79.1% of patients had adherence rates that were 100% on the treatment algorithm. There were 17.1% of patients that missed three or less doses. One patient (0.8%) had more than 3 doses missed. Additionally, 2.4% of patients were lost to follow up after treatment without a documented adherence rate.
DISCUSSION
HCV treatment guidelines emphasize the importance of addressing adherence, adverse effects, and drug interactions with HCV regimens as clinically indicated. However, no specific recommendations are made regarding followup methods. Thus, effective real world care models need to be identified for the newer DAA therapies to ensure the best HCV treatment outcomes are achieved in realworld practice settings. Our study describes an integrated multidisciplinary care team model with SVR12 rates comparable to those seen in controlled clinical trial settings. Overall SVR12 among patients in the current study was 93% in the ITT cohort and 95% in the PP cohort. Among patients with cirrhosis our SVR12 rates remained high at 89% for both PP and ITT cohorts, despite this patient population generally being more difficult to treat. Another patient population that achieved notably high SVR12 rates in our study was the treatment experienced cohort with a 100% SVR12 rate for PP and ITT analyses. This cohort achieved a higher SVR12 rate compared to our treatmentnaïve patients of which 91% in the ITT cohort and 94% in the PP cohort achieved SVR12. This was an unexpected finding we cannot explain. This was additionally unexpected because more patients in the treatmentexperienced cohort were cirrhotic compared to the treatmentnaïve cohort (57.6% and 28.9% cirrhotic, respectively).
SVR12 achievement rates were similar to clinical trial results based on the specific treatment regimen as well. Patients who completed LDV/SOF regimens achieved 95% SVR12 PP (92% ITT) in our study. The ION1 study included GT 1 treatmentnaïve patients with or without cirrhosis treated with a fixeddose combination of LDV/SOF with or without RBV [16] .
SVR12 rates were 99% with LDV/SOF. ION2 included GT 1 treatmentexperienced patients with or without cirrhosis treated with a fixed-dose combination of LDV/ SOF with or without RBV [18] . SVR12 rates were 96% with LDV/SOF. The addition of RBV did not significantly impact SVR12 rates in our study or in ION1 or 2; SVR12 remained high.
The SMV/SOF regimen resulted in 100% SVR12 PP (100% ITT) in our study patients. OPTIMIST1 and OPTIMIST2 investigated SMV/SOF among GT 1 treatmentnaïve and treatmentexperienced patients [19, 22] . Patients without cirrhosis were included in OPTIMIST1 and the resulting SVR12 was 97%. OPTIMIST2 included patients with cirrhosis and the SVR12 was 84%. Although only seven patients total received the SMV/SOF regimen among our study patients, five out of the seven were cirrhotic. Our SVR12 rates of 100% were unexpectedly higher than those seen in the OPTIMIST trials.
Patients who completed the 3D plus RBV regimen achieved 100% SVR12 PP (100% ITT) in our study. Two of the six patients were cirrhotic. The SAPPHIRE Ⅰ and SAPPHIRE Ⅱ clinical trials included patients that were treatmentnaïve and treatmentexperienced, respectively, without cirrhosis treated with 3D plus RBV for 12 wk. SVR12 was 96% for both studies [17, 23] . In the TURQUOISE Ⅱ trial, 92% of treatmentnaïve or experienced patients with cirrhosis who received 3D plus RBV for 12 wk achieved SVR12 [20] . Compared to other realworld analyses of newer DAA treatments, our response rates are either higher than or similar to other studies, demonstrating the effectiveness of our model. A realworld analysis of treatmentnaïve or experienced patients with HCV GT 1 with or without cirrhosis was conducted on patients in the HCVTARGET cohort treated with SMV/SOF with or without RBV [24] . The overall SVR12 rate for SMV/ SOF without RBV was 85%, which was lower than the SVR12 of 100% (PP and ITT) seen in our study for patients who were treated with the SMV/SOF regimen. A realworld study from Israel included treatment naïve or experienced HCV GT 1 patients with stage 3 or 4 fibrosis treated with 3D with or without RBV. Amongst the patients who completed therapy and retested 12 wk after completion, SVR12 rates were 97.8% [25] . Seven patients in our study received treatment with 3D plus RBV and only two were cirrhotic. Our SVR12 rates with this regimen were 100% for both PP and ITT analyses.
Another realworld effectiveness study from a large integrated health care system in the United States enrolled patients with GT 1 infection and receiving LDV/SOF with or without RBV. Patients were treatmentnaïve or experienced and both cirrhotic and noncirrhotic. SVR12 for LDV/SOF was 93% in the ITT analysis [26] . The overall SVR12 in our study for patients treated with LDV/SOF was similar at 92% in the ITT analysis. The addition of RBV did not significantly impact SVR12 rates in either study.
Six patients in our study relapsed. One patient with GT 1b and underlying cirrhosis may have relapsed due to a 5d break in therapy, another with GT 1a and cirrhosis was due to reinfection from reusing diabetes supplies, and one patient with GT 1a and cirrhosis relapsed for unknown reasons. The other three cases warrant further discussion. The GT 1a infected patient with advanced cirrhosis and HCC treated with LDV/SOF for 12 wk in the current study would also have been treated with RBV if evidence from the SOLAR1 and SOLAR2 Phase 2 trials were available at the time of treatment course selection, which may have prevented the relapse. SOLAR1 and SOLAR2 enrolled patients with HCV GT 1 or 4 with cirrhosis and moderate to severe hepatic impairment (ChildPugh class B and C) with and without a history of previous liver transplant [27, 28] . Patients were treated with 12 or 24 wk of a fixed-dose combination of LDV/SOF once daily plus RBV. SVR12 was 87% in nontransplant patients treated for 12 wk in SOLAR1. In SOLAR2, SVR12 was approximately 86% after 12 wk of treatment in non transplant patients with GT 1.
The African American patient with GT 1a, cirrhosis, and HIV coinfection relapsed after 12 wk of treatment with LDV/SOF for an undermined reason. A recent study, ION4, enrolled patients with HCV GT 1 or 4 coinfected with HIV1. All patients received a 12wk, fixeddose combination of LDV/SOF for their HCV treatment regimen [29] . Thirtyfour percent of patients in this study were black. Black patients had a lower SVR12 rate than other races (90% vs 99%, P < 0.001). Of note, 10 of the 335 patients in ION4 relapsed and all were black. Seven of the relapsed patients had the TT allele in the gene encoding IL28B and 8 were receiving efavirenz as part of their HIV treatment regimen. Black race and presence of the TT allele were both significantly associated with relapse in ION4. Among black patients in ION4, 13% relapsed if they were also taking efavirenz and only 4% relapsed if they were taking other antiretroviral regimens. However, the difference was not found to be significant. It is possible that the patient in our case possesses the TT allele; however, we did not test patients in our study for the presence of this allele. Concomitantly taking efavirenz could have provoked the relapse in our patient, even though the role efavirenz plays in reduced effectiveness of HCV treatment remains unclear.
The noncirrhotic, treatmentnaive patient with GT2 who relapsed after being treated with 12 wk of SOF and RBV was somewhat surprising to us. The VALENCE trial confirmed that this same regimen is 96.7% effective in naïve, noncirrhotic patients with GT2 [30] . We cannot provide an explanation for why this particular patient relapsed.
In our study, 130 patients completed the analysis PP and 133 were in the ITT analysis. The high percentage of PP patients represents a high engagement between patient and clinical staff monitoring in our model. Furthermore, in our model, a high percentage (79.1%) of patients were 100% adherent on their treatment regimen and only one patient missed more than three doses. Other realworld studies looking at adherence demonstrated about 14% of patients were non adherent to their treatment regimen and 18% had gaps in therapy of greater than 14 d [31] . A second study reported that 89.3% of patients completed treatment and 9% were nonadherent to therapy in a realworld setting [25] . The specialty pharmacist in our model identified drug interactions in 56.4% of patients. Sixtynine drug interaction interventions were made with the most prevalent intervention being PPI dosing changes. Overall, drugs to lower gastric pH accounted for about 44% of all drug interaction interventions made. A study from Europe of drug-drug interactions identified that between 12%19% of patients being treated for HCV were taking a drug that was contraindicated with one or more drugs in their HCV treatment regimen [32] . This same study showed that 29%39% of patients were on two or more drugs that were either contraindicated or required additional monitoring or dose reduction with their HCV regimen. Similarly to our study, a high percentage (27%38%) of interacting drugs in the Marra et al [32] study were drugs that target the gastrointestinal tract. The frequency and severity of drugdrug interactions with HCV therapies supports the workflow in our model where a specialty pharmacist consistently screened all patients for drug interactions. Adverse reactions reported by our patients were consistent with those reported in DAA clinical trials and realworld experience with fatigue, headache, and nausea being the most common [24] . No serious adverse events were recorded. Dropout rates due to adverse effects tend to be low with the newer generation DAAs, but no patients discontinued treatment for this reason in our study. One possible reason for this may be due to close followup by the pharmacist on adverse effects and management strategies.
Our study had some notable limitations. A major limitation is the lack of a control group to allow a statistical comparison of the effectiveness of our integrated model compared to a nonintegrated model. Only qualitative comparisons to clinical trial data and other realworld data could be made. A second limitation is that this is a singlecenter study and results may not be generalizable to patient populations with different demographics. The population at our site is primarily Caucasian and insured. A third limitation is that the methodology of fibrosis determination was not standardized in our protocol. A fourth limitation was that adherence was selfreported by patients via tablet counts. There are inherent limitations with using patientreported information in a study. The high adherence rates reported in our study likely reflected reality as shown by the high rates of SVR12 in our patients.
The results of this study have demonstrated the need to continue to manage patients using the inte grated care model in our current practice. However, the limitations of this study have showed that future research is needed to find causation for patients that relapsed on DAAs. In the scope of our practice, follow up studies will be pursued to assess the impact of adherence and how new technology may assist in increasing adherence to therapy. Additionally, future studies at our practice will analyze if there is correlation of NS5A resistance associated variants and treatment efficacy in our patient population. Furthermore, additional focus will be put on the financial savings that the integrated care model has on the system and the patient.
In conclusion, there is a scarcity of published trials that describe realworld integrated care models for successful treatment of patients with the newer DAA HCV therapies. Dean Health System's integrated care model helped successfully manage the patients being treated for HCV. The results of our study demonstrated favorable outcomes despite not being able to statistically compare across other studies. The integrated care model demonstrates high SVR rates amongst patients with different levels of fibrosis, genotypes, and HCV treatment history. The integrated care model assisted in catching and evading potential drug interactions that may have impacted treatment efficacy and tolerability. Overall, the evidence from this retrospective analysis demonstrates the benefits and value of treating HCV patients in an integrated care delivery model.
COMMENTS
Background
New direct-acting antivirals (DAAs) for hepatitis C virus (HCV) infected patients have produced sustained sustained virologic response (SVR) rates of 90%-100% in clinical trials. The efficacy of DAA therapy is directly proportional to the adherence to these agents. Traditional disconnected models between the provider and pharmacy have demonstrated diminished adherence, ineffective drug interaction management, and lower SVR outcomes compared to those seen in the clinical trials. In order to maximize the benefits of these high cost medications, our health system created an integrated care model between the clinic and pharmacy to maximize benefits of DAA therapy.
Research frontiers
The adherence to DAA therapy and their efficacy are typically lower in less monitored environments models as shown in a few prior real world reports compared to controlled clinical trials. The results of the present study suggest our health system's integrated model reflects SVR outcomes similar to those in clinical trial data.
Innovations and breakthroughs
In this study, the model was a useful tool for improving adherence rates and achieving 100% SVR12 for cirrhotic and non-cirrhotic patients on 3D plus RBV regimen. In previous 3D plus RBV clinical trials cirrhotic and non-cirrhotic patients treated showed lower SVR12 rates of up to 96%. Compared to other real-world analyses of newer DAA treatments, the response rates were either higher than or similar to other studies, demonstrating the effectiveness of this model.
Applications
The authors integrated care model between clinic staff and pharmacy helped better manage the HCV patients. This model demonstrated high cure rates, maximized adherence, and aversion of a high volume of potential drug interactions that may have impacted treatment efficacy and tolerability. Future research is needed to find causation for patients that relapsed on DAAs and follow-up studies will be pursued to assess the impact of adherence and how new technology may assist in increasing adherence to therapy.
Terminology
Integrated care model: Worldwide trend in health care reforms and new organizational arrangements focusing on more systematic coordination and integrated forms of care provision. Integrated care may be seen as a response to the fragmented delivery of health services. Medication adherence: the extent to which patients take medications as prescribed by their health care providers.
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